\ 
LEVEL. ~ 
ADA106721 


- 
- 
." 
1111111111111111111111111111111 


DNA 5352F 


A COMPARISON OF CASUAL TV ASSESSMENT 


RESULTS FROM THE TENOS AND CIVIC CODES 


Eugene J. Swick 
Science Applications, Inc. 


P.O. Box 2351 


La Jolla, California 92037 
, 
27 June 1980 


Final Report for Period 1 July 1978-27 June 1980 


Prepared for 


Director 


CONTRACT No. DNA 001-78-C-0343 


APPROVED FOR PUBLIC RELEASE; 


DISTRIBUTION UNLIMITED. 


THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY 
UNDER RDT&E RMSS CODE B364078464 V99QAXNH30304 H2590D. 


REPRODUCED BY: 
NT.§ 


u.s. Department of Commerce 
National Technicallnfonnation Service 
Springfield, Virginia 22161 


DEFENSE NUCLEAR AGENCY 


Washington, D. C. 20305 


81 10 29 01'7 


Destroy this report when it is no longer 
needed. 
Do not return to sender. 


PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY, 
ATTN: 
STTI, WASHINGTON, D.C. 20305, IF 


YOUR ADDRESS IS INCORRECT, IF YOU WISH TO 
BE DELETED FROM THE DISTRIBUTION LIST, OR 
IF THE ADDRESSEE IS NO LONGER EMPLOYED BY 
YOUR ORGANIZATION. 


l 
, 


1 


UNCLASSIFIED 


SECURITY CLASsiFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


>- 
- 
., ...... ~, 


READ INSTRUCTIONS 
BEFORE COMPLETING FORM 
.,- 
~.B,T 
NUMBER 
'; \ 


~,()" 
DNAJ(5352F~ __ :. './ 
-\2. GOVT ACCESSION NO.3. RECIPIENT'S CATALOG NUMBER 
IAD-A I Db ?[).I 


TITLE (and,Subtjtle) 


~ COMPARISON OF CASUALTY ASSESSMENT 
RESULTS FROM THE TENOS AND CIVIC CODE 


_, 
7. AUTHOR(s) 
i O} - 
LA 


9. PERFORMING ORGANIZATiON NAME AND ADDRESS 
Science Applications, Inc. 
P.O. Box 2351 
La Jolla, California 92037 


f 


,is. /T,{PE o.Y;W;~'~;~ "~E~I~;-·~iI'iJaL .. 
,rCfjFlnaJ. ",ep~t; 61 
~ ~ l~ 
-.1 Jul 78 -- 27 Jun 80" . 
'. 
! li\~~ftEeQR.k.N;~B~R 
~ij/SAI-Ql0-80-406-LJ 
j 


DNA DOl-78-C-0343 


.~. i 


10. PROGRAM ELEMENT, PROJECT, TASK 


AREA 11 WORK UNIT NUMBI;RS".,·, 
SUbta~kV99QAXN}I30~r04 
j( 
,.i /\' . 


11. CONTROLLING OFFICE NAME AND ADDRESS 
·'.12.·_ . .R.EP0RTD'ATE 


Director 
( ) t, 
2 7 Jun~ ~80 


Defense Nuclear Agency 
:-' 
13. N~MBER cf>F Pt§ES- .. ' 


Washington 
D. C. 
20305 
{IAi--z[4 1 
\. 
\ 


14. MONITORING AGENCY NAME 11 ADDRESS(1f different from Controllinll oN_? 
15. SeCURITY CLASS. (of this report) 


16. DISTRIBUTION STATEMENT (of this Report) 


UNCLASSIFIED 


15 .. , DECL ASSI FI CATION/ DOWNGRADIN G 


SCH7DULE 
NjA 


Approved for public release; distribution unlimited. 


17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report) 


18. SUPPL EMEN T ARY NOTES 


This work sponsored by the Defense Nuclear Agency under 
RDT&E RMSS Code B364078464 V99QAXNH30304 H2590D. 


19. KEY WORDS (Continu& on reverse side if necessary a.nd identity by block number) 


/// 


Population Casualty Assessment, CIVIC, TENOS, Damage Methodology, 
Population Representation, Fallout Models, WSEG-10, Improved 
SEER II. 
/ 
/ 
\ _________ -~ 
ABSTRACT (Continue on reverse side If necessary lind Identify by block number) 


I rComparison of assessment results from the CIVIC and TENOS Popu- 
lation Casualty Assessment Codes was accomplished under selected 
input conditions and two U.S. population representations (data 
bases). Results indicate that for the large yield strike file 
employed, national results obtained from both codes did not differ 
significantly because of the significant overlapping of fallout 
fields. 
However, state-by-state results showed some significant- 


~----------------------------------~~/ 
DO 
FORM 
1473 
~j 
1 JAN 73 
EDITION OF 1 NOV 65 IS OBSOLETE 
UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


- 
i 


UNCLASSIFIED 


\~ SECURITY CLASSIFICATION OF THIS PAGE(lnI_ D.t.l£nt.,.d) 


I'-- variat ions due to the different fallout r.1odels employed (CIVIC, 
TENOS-WSEG-IO) and the methodology for combining prompt and 
fallout effects. 
These variations, however, were not biased 
in any particular direction, i.e., in some cases TENOS results 
were higher while in others CIVIC results were higher . 


. " 
, 
") 


UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


f 


r 


PREFACE 


The author wishes to express his appreciation for the 
invaluable support provided by LT COL's R. Edwards and D. Thomas, 
the DNA COR's for this work. 


Dr. Dave Bensen and Mr. Jim Jacobs of the FEMA per- 


formed and provided the TENOS assessment. 
Their cooperation in 
providing the basic population data base, the strike file and the 


TENOS assessment results were instrumental to the project and 
their work is greatly appreciated. 


Messrs. Ron Dietz and Mel Schoonover of SAl were instru- 
mental in generating the required data bases for CIVIC use and 
performing the CIVIC assessment. 


1 


Accession For 


NTIS 
GRli&I 
DTIC TAB 
0 
U'J.a.r::r;ouDccd 
0 


Justificc,tiol1.... ____ 
-I 


---------------------~ 


By _____________ -.; 


DistT':i..bu.tion/ 
--. --- --- -.. 
--- 
- - ~-~------ 


Availability Codes 


tVecLU. 2nd/or 


~:;;.~;:_ 1al 


Section 


1 


2 


3 


4 


5 


6 


7 


TABLE OF CONTENTS 


PREFACE 


LIST OF ILLUSTRATIONS 


LIST OF TABLES- - 


SUMMARY 


l-1 
1-2 
1-3 
1-4 


GENERAL - 
- 
- 
- 
- 
- 


ASSESSMENT CONDITIONS - 
- 
- 
- 
- 


CAVEATS - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


OBSERVATIONS- - 
- 
- 
- 
- 
- 
- 
- 
- 


INTRODUCTION- - 
- 


COMPARISON GROUND RULES AND ASSESSMENT 
CODE DIFFERENCES- - 
- 
- 
- 
- 


3-1 
3-2 


GROUND RULES- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


BASIC DIFFERENCES IN THE ASSESSMENT CODES 


DEVELOPMENT OF ASSESSMENT PROBLEM SETS AND 
CIVIC MODIFICATIONS - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


4-1 


4-2 
4-3 


DEVELOPMENT OF ASSESSMENT PROBLEMS- - 
- 
- 
- 
- 
4-1. 1 
Impact of Fallout Models Employed 
4-1.2 
Impact of Weapon CEP and Population 
Representation- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4-1.3 
Impact of Methodology for Combining 
Prompt and Fallout Environments - 
- 
- 
4-1.4 
Summary of CIVIC and TENOS Problem 
Sets- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


CIVIC MODIFICATIONS - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
DCPA POPULATION DATA BASE CHARACTERISTICS 


SPECIFICATION OF PROMPT DAMAGE FUNCTIONS- 


RESULTS AND OBSERVATIONS- - 


GLOSSARY- - 


APPENDIX A - 
CIVIC INPUT OPTIONS- 


2 


1 


3 


3 


5 


5 
5 
5 
6 


9 


10 


10 
10 


13 


13 
13 


13 


14 


14 
14 
14 


19 


29 


35 


37 


Figure 


1 


2 


3 


4 


5 


6 


7 


Tables 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


LIST OF ILLUSTRATIONS 


Shelter 35/25-mines, caves and tunnels (Type A)- - 


Shelter 10/7-best basements (Type B/C) - 
- 
- 


Shelter 10/4-basements of wood frame structures 
(Type D) - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Shelter 8/2-upper stories «10) of strong walled 
buildings (Type E/F) - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Shelter 5/2-tall (>10 stories) weak walled upper 
story space and weak basements (Type G/H/I)- - 


15 psi upgraded blast shelter- - 
- 
- 


TENOS fallout radiation damage functions (warned) 
(fallout only) - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


LIST OF TABLES 


Assessment stipulations- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


TENOS and CIVIC assessment methodology differences 


Assessment problems- - 
- 
- 


Weapon laydown characteristics - 
- 
- 
- 
- 


CIVIC modifications- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


NSS structure types- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Summary - shelter characteristics- 


National total comparisons - 
- 
- 
- 
- 
- 
- 
- 
- 


TENOS results- - 


CIVIC-1 results- 


CIVIC-2 results- 


CIVIC-3 results- - 


% differences in assessment cases- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 


3 


20 


21 


22 


23 


24 


25 


26 


11 


12 


15 


16 


17 


18 


27 


32 


33 


33 


33 


33 


34 


BlA K P GE 


4 


SECTION 1 


SUMMARY 


1-1 
GENERAL 


A comparison of results from the civilian casualty assess- 


ment codes CIVIC and TENOS was accomplished with the intent of de- 
termining the influence of methodology differences employed by the 


two codes. 
The principal methodology differences examined were: 


1-2 


• 
fallout model - 
SEER versus WSEG-I0, 


• 
techniques for combining prompt and 
fallout effects, 


• 
population representation (point versus 
area targets) and CEP considerations. 


ASSESSMENT CONDITIONS 


Three CIVIC and one TENOS assessment problems were executed 
with a population data base and weapon strike file provided by FEMA. 
Only one TENOS assessment was conducted by FEMA because of other high 
priority commitments. 
With the possible exception of variations in 
population posture (shelter conditions), this single assessment was 
representative of the normal operating capabilities of the code under 
the specified strike file. 
The population data base consisted of 
98,606 records with a total population of 211,706,673 contained within 
the 48 contiguous states. 
The weapon strike file consisted of 1,459 
weapons ranging in yield from 1-20 MT, with a total megatonnage of 
6,607. 
Of the total number of weapons, 795 were fallout producers, 
with a total megatonnage of 4,375. 
The weapons inventory and strike 
file are considered reasonable and prudent. 
The weapon strike file 
produced significant overlapping of fallout areas over large areas 
of the United States. 


1-3 
CAVEATS 


The observations noted below pertain only to the assess- 
ment conditions noted above. 
Based on this work and other code com- 
parison work, it is clear that results obtained through the use of 
different assessment codes are heavily: dependent on the size and 
nature of the data base and on size and yields employed in the weapon 
strike file. 
In general, the smaller and more dispersed the weapon 
laydown, the larger the differences between various assessment codes. 
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1-4 
OBSERVATIONS 


The results of the comparison show the following: 


a. 
Comparison of CIVIC runs using the WSEG-10 option(l) 


and the improved SEER-II option (all other input conditions iden- 
tical) showed that the WSEG-10 model produced nearly 11% more fall- 
out-only fatalities than the improved SEER-II model. 


The fallout-only fatality difference in this assessment 
is not as large as those that were produced in other assessment 
comparisons performed for DNA. 
This may be due to either a prepon- 
derance of very large weapons or the number of lesser yield weapons 
in the strike file. 
Either will subject a large part of the popu- 
lation data base to many overlapping fallout fields. 
Secondarily, 
at the larger yields, the differences in fallout contours produced 
by the two fallout models are not as pronounced as they are for 
the lower yield weapons. 
In addition, the GWC October winds used 
in this assessment has low wind shear characteristics. 
It was noted 
in previous studies that WSEG-10 compares well with other fallout 
models when the wind shear is low. 


b. 
The comparison which was developed to show the influ- 
ence of the prompt and fallout environment combining methodology in 
the two codes indicated that the CIVIC combining methodology pro- 
duced about 11.2% greater fatalities than the methodology in TENOS. 
The combining methodology is independent of the fallout model employed. 


c. 
TENOS does not use weapon CEP in casualty assessments 
and treats population areas as points, whereas most casualty assess- 
ment codes consider the CEP in prompt casualty calculations. 
To 
assess the impact of these conditions, two CIVIC calculations were 
made. 
In one, zero weapon CEP's and a point target representation 
of the population was employed. 
In the other, a normal CEP of 


1500 feet and an area (P-95 circle) representation of the population 
was employed. 
Comparison of results from the two calculations 


showed that these two parameters, when employed in conjunction with 


(l)Two fallout models are contained in CIVIC--SEER and WSEG-10. 


The user can select at run-time, via an input flag, which model 
he desires to use for fallout assessments. 
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one another, had no influence on the outcome of the assessment for 
the weapon strike file employed. 


d. 
The TENOSjCIVIC-l comparison case in which CIVIC was(2) 
employed with zero weapon CEP and a point target representation of 
the population (to be consistent with TENOS methodology), showed 
national assessment results that were in reasonable agreement. 
The 
difference in prompt fatalities was about 4%, and almost all of 
this difference can be attributed to differences in the shelter 


damage functions and the prompt damage probability calculations 
because of the insignificant influence of CEP and target represen- 
tation parameters noted in (a), above. 


The combined environment fatality difference of 6.3% 
represents differences in three aspects of the assessment; the prompt 
environment calculations, the differences in the fallout models 
employed by the two codes, and the methodology for combining the 
prompt and fallout environments. 
From paragraphs (b) and (c) above, 


we note that the fallout model differences (TENOSjWSEG-10 results 
larger) and the combining methodology differences (CIVIC results 
larger) are sufficiently counterbalancing in this scenario that 
the differences between the CIVIC and TENOS assessment results 
can be considered negligible. 


e. 
As might be expected, the results from the state-by- 
state summaries show the much wider variations that can be attri- 
buted in large part to the differences in fallout models and the 
extent of fallout area overlapping. 
The results for two states 
serve to illustrate this point. 
The combined fatality difference 
for the TENOSjCIVIC-l comparison in the State of Alabama, for 
example, shows a 23.5% difference with the TENOS (WSEG-10) fatali- 
ties being higher. 
On the other hand, for the State of California 
the difference in combined fatalities is 9.7% with the CIVIC (SEER) 
fatalities being higher. 


(2)The notation CIVIC-l, CIVIC-2, CIVIC-3 is used only to describe 
the three CIVIC assessment cases (see Table 3) which involves 
only variation to the input run-stream. 
The differences in the 
methodology employed when these variations are employed are dis- 
cussed in Appendix A. 


7 


For large weapon laydowns, particularly where large 
yield weapons are involved, one can conclude that differences in 


code methodology are washed out when looking at national results. 
However, where specific areas or location are of interest, par- 
ticularly as regards constraints that may be employed with certain 
attack options, significant assessment differences may be observed 


when using the different methodologies/models employed in CIVIC 
and TENOS. 


It should be noted that the assessments addressed in 
this study were based on the use of shelter distance-damage func- 
tions derived from FEMA data. 
AP-550 distance-damage functions 
for similar shelter categories are somewhat different because of 
the larger damage sigmas and could conceivably result in larger 
casualty estimates. 
However, this aspect of the damage method- 
ology was not examined in this study. 
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SECTION 2 


INTRODUCTION 


This report documents the results of a code comparison pro- 
gram sponsored by DNA. 
The primary objective of the program was to 
evaluate the casualty differences that would be encountered when 
employing different population casualty assessment codes. 
This objec- 
tive was to be satisfied by accomplishing the following: 


• 
Exercise damage assessment models against a number of 
specific problem sets. 


• 
Compare casualty output results. 


• 
Identify where possible, the source of any 
significant differences in output results. 


During the initial planning stages of the program, it was 
believed desirable to perform the comparative assessments using four 
computer programs: 


• 
TENOS (employed by FEMA) 


• 
READY (employed by FPA) 


• 
SIDAC (employed by CCTC) 


• 
CIVIC (development sponsored by DNA) 


However, because of other high priority commitments, FPA and CCTC could 
not participate in the program and thus the only assessment codes that 
could be employed in the comparison were TENOS and CIVIC. 
Furthermore, 
the FEMA participation with TENOS was limited to a single assessment 
run. 


9 


3-1 
GROUND RULES 


SECTION 3 


COHPARISON GROUND RULES AND 
ASSESSHENT CODE DIFFERENCES 


In order that meaningful comparisons could be made, a number 
of ground rules or initial conditions were established by the program 
participants (FEMA, SAGA, DNA) at the outset of the work effort. 
These 
are shown in Table 1. 


3-2 
BASIC DIFFERENCES IN THE ASSESSMENT CODES 


In order to establish some rationale or logic for the selection 
of assessment problems, it was useful to identify general methodology 
or data base factors that might contribute to differences in casualty 
results. 
Among those considered the most significant were: 


• 
Population representation 


• 
Population shelter distribution 


• 
Prompt weapon effects damage methodology 


• 
Fallout model employed 


• 
Methodology for combining prompt and fallout effects 


• 
Weapon associated parameters 


With the establishment of these general factors, they were 
then specifically related to the capability of the codes that were to 
be employed in the comparative analysis. 
These are shown in Table 2. 


The comparison ground rules and the methodology factors 
noted above were the basis for the specification of the assessment 
problems discussed in Section 4. 
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Table 1. 
Assessment stipulations. 


• 
BASIC WEAPON LAYDOWN DATA PROVIDED BY FEMA 


• 
CCTC WIND DATA BASE WAS TO BE EMPLOYED 


OCTOBER "MOST-PROBABLE" WINDS 


• 
POPULATION DATA BASE PROVIDED BY FEMA 


"BEST SHELTERED" U.S. POPULATION DATA BASE (2/<2 MINUTE GRID CELL DATA) 
SHELTER DISTRIBUTION GIVEN FOR EACH CELL IN DATA BASE 


• 
FALLOUT FATALITY/CASUALTY CALCULATIONS TO BE BASED ON MAXIMUM BIOLOGICAL 
DOSE 


IRREPARABLE DOSE FRACTION = O.lJ REPAIR RATE = 2.5%/DAY 


• 
SHELTER CHARACTERISTICS TO BE PROVIDED BY FEMA 
DAMAGE PROBABILITY VERSUS OVERPRESSURE 
FALLOUT PROTECTION FACTORS 


• 
SAl WOULD TRANSFORM FEMA SHELTER CHARACTERISTICS INTO FORM SUITABLE FOR 
CIVIC 


Table 2. 
TENOS and CIVIC assessment methodology differences. 


Population Representation 


Shelter Distribution at 
Each Population Place 


Weapon Impact Point Distri- 
bution Considerations 


Probability of Weapon 
Arrival Considerations 


Prompt Effects Damage 
Function 


Fallout Model 


Combined Prompt and 
Fallout Effects 


Wind Data Base 


Biological Repair 
Function for Fallout 
Radiation 


TENOS 


Point 


From Population 
Data Base 


No 


No 


Blast Only 
(1 MT and Above) 


WSEG-10 


Independent 
Events 
Compounding 


5 Altitude Level 
GWC Grid Data 


Yes 
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CIVIC 


Option-Point or 
Area (P-95) 


From Population 
Data Base or 
Assigned Through 
Code Algorithms 


Yes 


Yes 


Blast and Nuclear 
Radiation 


Option-Improved 
SEER-II or WSEG-10 


Procedure for 
Summing Radiation 
Components Plus 
Independent Events 
Compounding 


10 Levels for 
SEER; 5 Levels for 
WSEG-10 


Option, Yes or No 
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SECTION 4 


DEVELOPMENT OF ASSESSMENT PROBLEM 
SETS AND CIVIC MODIFICATIONS 


DEVELOPMENT OF ASSESSMENT PROBLEMS 


Based on the assessment code capabilities and program objec- 
tives, problem sets were developed which were designed to address the 
issues specified in the following subsections. 
It should be noted that 
in order to examine the impact of most methodology and/or input param- 
eter differences between the two codes, it was estimated that about 22 


CIVIC assessment cases would be required with various permutations in 
input parameters or damage methodology. 
Because the large strike file 


and data base implied long computer run times, this number of assess- 
ments could not be accommodated. 
Thus, a compromise of the three assess 


ment cases described below was instituted. 
The necessary limitation in 
assessment runs accommodated investigation of the most important method- 
ology differences between the two codes under nominal input conditions. 
It did not, however, permit investigation of differences that might 
result due to variations in strike file (weapon yield), population 
shelter distribution, and wind data base. 


4-1.1 
Impact of Fallout Models Employed 


With all input parameters identical, a direct comparison be- 
tween TENOS (WSEG-10) and CIVIC (improved SEER-II) was desired. 
This 
baseline comparison coupled with two other comparisons was expected to 
provide some insight regarding the influence of other input parameters 
and code methodology. 


4-1.2 
Impact of Weapon CEP and Population Representation 


Because TENOS does not employ CEP in its damage calculations, 
it was believed useful to compare output results with a CEP = 0 employed 
in both codes and then to employ CIVIC with a nominal weapon CEP of 1500 
feet. 
TENOS also uses a point target representation of the population. 


To ascertain whether this parameter is important in casualty assessments 


CIVIC would be run with both point and area population representations. 


To accomplish this, each 2 x 2 minute cell location in the DCPA popula- 
tion data base was converted to an equal area circle with the center of 
the circle coincident with the DCPA cell center. 
The conversion was 
based on the algorithm 
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R(n m) = ~ 4 x cos (latitude of population place) 
• 
1f 


to estimate the radius of an equivalent P-95 radius. 


4-1.3 
Impact of Methodology for Combining Prompt 
and Fallout Environments 


TENOS calculates damage to population points due to prompt and 
fallout environments independently and then compounds the two, under the 
independent events assumption, to specify total fatalities and casualties. 


CIVIC on the other hand strives to account for the additive nature of the 
radiation environments (prompt and fallout) in ascertaining total fatality 
and casualty results. 
It appeared useful, therefore, to establish whether 
this refinement in methodology makes any impact on casualty and fatality 
results. 
To ascertain this impact, a direct comparison of the output 
results of the TENOS and CIVIC codes (using the WSEG-10 option in CIVIC) 


was desired. 


4-1.4 
Summary of CIVIC and TENOS Problem Sets 


Table 3 summarizes the conditions of the CIVIC and TENOS com- 
parison problems. 
Table 4 summarizes the characteristics of the weapon 
strike file provided by FEMA. 


4-2 
CIVIC MODIFICATIONS 


The ground rules and problem sets established above required 
that some non-inconsequential modifications be made to the CIVIC code in 
order to perform the desired assessments. 
The major modifications are 


shown in Table 5. 


4-3 
DCPA POPULATION DATA BASE CHARACTERISTICS 


The DCPA "best sheltered" U. S. population data base for the 
contiguous 48 states contains 98,606 population r~cords with a total 
population of 211,766,673. 
For each record in the data base, a distri- 
bution of the population into one or more of six structure/shelter types 
is given based on data from the National Shelter Survey. 
This distribu- 
tion was employed in both the TENOS and CIVIC assessment runs. 
Defini- 
tions of the various structure types contained in the National Shelter 
Survey are given in Table 6. 
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Table 3. 
Assessment problems. 


~, 
Problem 
Population 
CEP 
Number 
Representation 
(feet) 
Fallout Model:'" 


TENOS(l) 
Point 
0 
TENOS/WSEG-10 


CIVIC-I(.!) 
Point 
0 
CIVIC/SEER 


CIVIC-II(3) 
Area(2) 
1500 
CIVIC/SEER 


CIVIC-III(4) 
Point 
0 
CIVIC/WSEG-10 


(l)To provide direct comparison with TENOS results. 


(2)2X2 minute cell converted to equal area circle 


P-95(nm) 
~4 x cos (lat. OfTIPoPulation place) 


(3)TO determine influence of CEP and point versus area 
target representation 


(4)To determine influence of CIVIC prompt and fallout 
combining techniques. 
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Table 4. 
Weapon laydown characteristics. 


YIELD 
TOTAL NUMBER 
HOB'S (FT) 
NUMBER SURFACE BURST 


1 MT 
847 
0/9400 
429 


2 MT 
190 
0/9323 
93 


f-' 
OJ 
3 MT 
180 
0/10673 
100 


20 MT 
242 
0/20087 
173 


1459 
795 


6607 MT 
4375 MT 


All weapons presumed to arrive, i.e., PA = 1.0 


.... 


..... 
-.;j 


Table 5. 
CIVIC modifitationa 


• 
MODIFICATION TO ACCESS AND EMPLOY A U.S. POPULATION DATA BASE 


ORIGINAL CODE WAS CONSTRAINED TO EURASIAN CONTINENT 


• 
MODIFICATION TO ACCESS AND EMPLOY SHELTER DISTRIBUTION BY POPULATION PLACE 
DIRECTLY FROM DATA BASE 


• 
MODIFICATION TO OPERATE ON AND PROVIDE OUTPUT FOR SIX SHELTER CATEGORIES 
INSTEAD OF FOUR 


• 
MODIFICATION TO ACCESS AND EMPLOY A WIND DATA BASE APPLICABLE TO WESTERN 
HEMISPHERE 


ORIGINAL CODE WAS CONSTRAINED TO EURASIAN CONTINENT 


• 
CONVERSION OF CCTC WIND DATA BASE INTO CIVIC COMPATIBLE FORMAT 


• 
INSTALL WSEG-10 FALLOUT MODEL AS OPTION TO SEER 


TEST TO DETERMINE SIGNIFICANCE OF CIVIC PROMPT + FALLOUT COMPOUNDING 
METHODOLOGY 


• 
CONVERT CIVIC TO CDC 7600 COMPUTER 


LARGE LAYDOWN AND DATA BASE - EXCESSIVE RUN TIME ON SLOWER MACHINE 


• 
MODIFICATION TO MAKE ASSESSMENTS ON EITHER POINT OR AREA TARGETS 


-- 


MLOP/ 
MCOP 
(PF) 


35/25 
(5000) 


10/7 
(500) 


10/4 
(25) 


8/2 
(55) 


5/2 
(70 ) 


5/2 
(5) 


* 


* 


* 


Shelter 


Type 


A 


B 


C 


D 


E 


F 


G 


H 


I 


R 


Table 6. 
NSS structure types. 


Description 


Subway stations, tunnels, mines, and caves 
with large volume relative to entrances. 


Basements and sub-basements of massive 
(monumental) masonry buildings. 


Basements and sub-basements of large, fully 
engineered structures having any floor system 
over the basement other than wood, concrete 
flat plate, or band beam support. 


Basements of wood frame and brick veneer 
structures including residences. 


First three stories of buildings with "strong" 
walls, less than ten aboveground stories, and 
less than 50% apertures. 


Fourth through ninth stories of buildings with 
"strong" walls, less than ten aboveground 
stories, and less than 50% apertures. 


Basements and sub-basements of buildings with 
a flat plate or band beam supported floor 
system over the basement. 


First three stories of buildings with "strong" 
walls, less than ten aboveground stories, and 
greater than 50% apertures; or, first three 
stories of buildings with "weak" and less than 
ten aboveground stories. 


All aboveground stories of buildings having 
ten or more stories. 
Fourth through ninth 
stories of buildings having "weak" walls. 


Classified as "Residual" on FEMA Population 
File, i.e., not belonging specifically to any 
of above structural types. 
Given vulnera- 
bility of shelter type G/H/l by SAl. 


Note: 
For the above description, load bearing walls are considered as 
"weak" walls. 
*Grouped together because of similar vulnerability characteristics. 
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SECTION 5 


SPECIFICATION OF PROMPT 


DAMAGE FUNCTIONS 


One of the fundamental inputs required for the calculation of 
prompt casualties is the information necessary for specifying casualty 
criteria for each of the shelter categories considered. 
Under the 
ground rules established for the program, the shelters to be employed 
were those specified by FEMA. 
If meaningful comparisons were to be made 
between code output, it was necessary that in the base case assessment 
problems, similar damage functions be employed in both codes to remove 
this factor as a potential source of difference in assessment results. 


As a starting point in the analysis, the National Shelter 
Survey damage functions employed by TENOS were examined to determine 
their characteristics in terms compatible with the CIVIC code. 
Six 


shelter damage functions associated with a "best" sheltered posture were 
examined. 
It should be noted that these damage functions pertain only 
to the blast environment because the yields employed in most FEMA assess- 


ment analyses are large and, therefore, blast is the predominant damage 
mechanism. 
However, because CIVIC calculates the weapon radius contribu- 
tions from the blast and radiation environments, those input parameters 
necessary for the radiation calculations were assigned by SAl. 


For each shelter category (for fatalities and casualties) a 


VNTK assignment was made to specify the blast vulnerability along with 


a damage sigma that was appropriate to each TENOS shelter damage func- 
tion. 
Plots of the probability of fatality (and injury) as a function 
of peak overpressure are shown in Figures 1-6 for six shelter categories. 
Figure 7 is a similar plot for fallout radiation. 
Included in Figures 
1-6 (where appropriate) are references to the AP-550 personnel vulner- 
ability VNTK values associated with the corresponding structure cate- 
gories given in AP-550. 
These references are shown because AP-550 


provides for only five structure types for civilian casualty assess- 
ments, i.e., single story structures, mUlti-story structures basements, 
hasty shelters and deep underground shelters. 
Table 6 summarizes the 
assignments made for each of the necessary CIVIC input parameters. 
The 


damage sigma values shown for the blast environment (and used in 


CIVIC) were obtained by folding the basic damage probability as a 
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Figure 1. 
Shelter 35/25-mines, caves and tunnels (Type A). 


20 


1.0 
7P3 I 
~ •• " TENDS 


~_: ,~: CASUALTIES' 


o . 9 0 1-----+---C..~~4____+-'-~. ~(~'--"-".". ..... 


-l--~ -, 
i,' ' 
11---' . 
0.80~~~~~~~~,~,~~ 


.••. 
t -+----:-- 
1'-- 


r 
0.70t-~~~7-~~~~-~-r~~-~~~+~~~ 
f-..... 
--I 
..... 
CD 
0 • 6 0 .... 
~-+-t---'--.,--+f+--1---'---'-+-- 
« 
CD o 
0:: 
~ 0.50 .... ~---'--t---'-~~~+--~~~-+-~--~~ 


W 
I!) « 
::E « 
o 


0.30 


0.20 


-t , 


-, .. 1.' , 'I ~, 
'-{".J I' <':,' 
---j 
... _' 
I 
i 
. _. 
. 
i" 


o . 10 t---.........Ji-'- 


o 
o 
2 
4 
6 
8 
10 
12 
14 


OVERPRESSURE (PSI) 


AP-55Q REFERENCES 


16P6 = FATALITIES 
BASEMENTS 
7P3 = CASUALTIES - 
BASEMENTS 


ALL AP-550 VNTK'S BASED 
ON YIELD OF 1 MT 


16 
18 


Figure 2. 
Shelter lO/7-best basements (Type B/C). 
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Figure 3. 
Shelter lO/4-basements of wood frame structures 
(Type D) 
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Figure 4. 
Shelter 8/2-upper stories «10) of strong 
walled buildings (Type E/F). 
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Figure 5. 
Shelter 5/2-tall (>10 stories) weak walled upper 
story space and weak basements (Type G/H/I). 
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Figure 6. 
15 psi upgraded blast shelter. 
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Figure 7. 
TENOS fallout radiation damage functions (warned) 
(fallout only). 
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Table 7. 
Summary - shelter characteristics. 


CIVIC Prompt Radiation 
Transmission Factors 
VNTK 


TENOS 
1 
CIVIC 
2 
Fission 
overpressure( ) 
Approximation( ) 
Second. 
Product 
Neutron 
Gamma 
Gamma 
Shelter Fatal. 
Casual. 
Trans. 
Trans. 
Trans. 
Category (psi) 
(psi) 
Fatal. Casual. 
Factor 
Factor 
Factor 


A 
35 
25 
19PO 
17PO 
0.01 
0.01 
0.005 


B/C 
10 
7 
12PO 
10PO 
0.45 
0.35 
0.075 


D 
10 
4 
12PO 
7PO 
0.45 
0.35 
0.075 


ElF 
8 
2 
14P6 
5P4 
0.95 
0.60 
0.1 


G/R/I 
5 
2 
11P5 
5P4 
0.95 
0.60 
0.1 


Resid. 
5 
2 
11P5 
5P4 
0.95 
0.60 
0.1 


(l)Overpressure for 50 percent damage probability. 
(2)For yields of 1 MT or greater. 


TENOS and 
CIVIC 
Fallout 
Protection 
Factor 


5000 


500 


30 


55 


70 


5 


function of overpressure data with overpressure as a function of range 
data for a scaled HOB of 650 feet/KT I / 3 to obtain distance-damage func- 
tions. 
From these distance-damage functions, values for 
calculated via the approximate relationship 
were 


where the subscripts to the range (R) values indicate the damage proba- 
bilities at which the range values are taken. 


For all the shelters specified, the damage sigmas resulting 


from the above expression were equal to or less than .2. 
Thus, for 
the purposes of the CIVIC calculations the damage sigmas employed were 
as shown below. 


Shelter Category 


A - Fatalities 


- Casualties 


B/ C - Fatalities 


- Casualties 


D - Fatalities 


- Casualties 


E/F - Fatalities 


- Casualties 


G/H/_ Fatalities 
I 
- 
Casualties 


Resid - Fatalities 


- Casualties 


CIVIC Damage Sigmas 
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Blast 


0.1 
0.1 


0.2 
0.2 


0.2 
0.2 


0.2 
0.2 


0.2 
0.2 


0.1 
0.1 


Radiation 


0.5 
0.5 


0.5 
0.5 


0.5 
0.5 


0.3 
0.3 


0.2 
0.3 


0.2 
0.2 


SECTION 6 


RESULTS AND OBSERVATIONS 


The results of four assessment cases are shown in 
Table 8 for the national summaries and in Tables 9-12 for the 
state-by-state summaries. 
Table 13 shows the percent differences 
between those national assessment cases that contain the method- 
ology differences which were the objective of the study. 


Based on the data contained in these tables, the 
following observations can be made. 


a. 
Comparison of results from the cases CIVIC-1 and 


CIVIC-2 where in CIVIC-2 a zero CEP was re~laced with a nominal 


CEP of 1500 feet and an area (P-95 circle) rather than point 
target representation of the population was employed, shows that 
these two parameters, when employed in conjunction with one 
another, had no influence on the outcome of the assessment for 
the weapon laydown employed. 


b. 
Comparison of results from cases CIVIC-1 and CIVIC-3 
in which the only differences in CIVIC operation was the use of 
different fallout models (SEER and WSEG-10), showed a fallout-only 
fatality difference of nearly 11% with the WSEG-10 model producing 
the larger fatalities. 
The combined environment fatality differ- 
ence was about 9%, which reflects the phenomena that some of the 
excess WSEG-10 fallout-only fatalities were also prompt fatalities 
and thus were not counted in the combined calculation. 


The fallout fatality difference in this assessment is 
not as large as those that were produced in other assessment com- 
parisons performed for DNA~l) This is due primarily to the pre- 
ponderance of very large weapons in the strike file which affected 


a large part of the population data base to many overlapping 
fallout fields. 
This is the typical case for strategic assessments. 


(l)Swick, E. J., "A Comparison of COBRA, SIDAC, and CIVIC Population 
Damage Assessment Results", DNA5220F, Science Applications, Inc., 
Dec. 1979. 
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Secondarily, at the larger yields, the differences in fallout contours 
produced by the two fallout models are not as pronounced as they are 
for the lower yield weapons. 
In addition, the GWC October wind used 
in the assessment has the low wind shear characteristics most suited 
to favorable WSEG-10 comparisons with other models. 


c. 
Comparison of results from cases CIVIC-3 and TENOS 


basically reflect the influence of the prompt and fallout environ- 


ment combining methodology in the two codes. 
As a first approxi- 
mation, if one adds the difference between the TENOS and CIVIC-3 
prompt fatalities to the TENOS combined fatalities, one finds the 
difference between the TENOS and CIVIC-3 results to be about 


11.2% with the CIVIC code giving higher fatalities. 


d. 
The TENOSjCIVIC-1 comparison case in which CIVIC 


was employed with zero weapon CEP and a point target representa- 
tion of the population (to be consistent with TENOS methodology), 


showed national assessment results that were in reasonable agree- 
ment. 
The difference in prompt fatalities was about 4%, and 
almost all of this difference can be attributed to differences in 
the shelter damage functions and the prompt damage probability 
calculations because of the insignificant influence of CEP and 
target representation parameters noted in (a) above. 


The combined environment f~tality difference of 6.3% 
represents differences in three aspects of the assessment; the 
prompt environment calculations, the differences in the fallout 
models employed by the two codes, and the methodology for com- 
bining the prompt and fallout environments. 
From paragraphs (b) 
and (c) above, we note that the fallout model differences (TENOSj 


WSEG-10 results larger) and the combining methodology differences 
(CIVIC results larger) are sufficiently counterbalancing in this 
scenario that the differences between the CIVIC and TENOS assess- 


ment results can be considered negligible. 
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e. 
As might be expected, the results from the state-by- 
state summaries show the much wider variations that can be attri- 
buted in large part to the differences in fallout models and the 
extent of fallout area overlapping. 
The results from two states 
serve to illustrate this point. 
The combined fatality difference 
for the TENOS/CIVIC-1 comparison in the state of Alabama for example, 


shows a 23.5% difference with the TENOS (WSEG-10) fatalities being 
higher. 
On the other hand, for the state of California the differ- 
ence in combined fatalities is 9.7% with the CIVIC (SEER) fatalities 
being higher. 


For large weapon laydowns, particularly where large yield 
weapons are involved, one can conclude that differences in code 
methodology are washed out when looking at national results. 
However, where specific areas or locations are of interest, par- 
ticularly as regards constraints that may be employed with certain 
attack optidns, significant assessment differences may be observed 


when using the different methodologies/models employed in CIVIC and 


TENOS. 
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Table 8. 
National total comparisons. 


PROMPT ONLY 
FALLOUT ONLY 
COMBINED 


FATALITIES 
CASUALTIES 
FATALITIES 
CASUALTIES 
FATALITIES 
CASUALTIES 


TENOS 
74,210,098 
19,718,868* 
93,928,966 
126,070,390 


CIVIC-l 
77,209,418 
103,697,559 
54,126,875 
78,826,226 
100,275,337 
130,169,115 


w 
1\:1 


CIVIC-2 
77,151,184 
103,687,632 
54,077,218 
78,811,457 
100,272,959 
130,254,254 


CIVIC-3 
77,209,18 
103,697,559 
59,987,640 
87,226,995 
109,171,111 
138,911,476 


* Figure reflects fallout fatalities of that population surviving prompt effects, 
i.e., it is not an independent accounting as are the CIVIC figures. 


\ 


Table 9. 
TENOS results. 
Table 10. 
CIVIC-1 results. 
Table 11. 
CIVIC-2 results. 
Table 12. 
CIVIC-3 results. 


PR:)t'r OIlL) 
FAllO~~ Oti~· 
CO".3; ',t~ 
PRO~;:T DtilY 
FALlDLr OMI 
CQI-'~: ',[: 
PRQHn ONLY 
J 
FALlOtlT ONL Y 
COIt)INEC 
PRO,"'PT ONLY 
FA:.LOt;TONlY 
(DHEllt.ED 


FATALITiES 
CA.SI.A~ 11 ES 
rATA~ IlIES 
CASU"~ T I[S 
,A7ALlllES CASLt.L ~; E~ 
FATALITIES 
CAS'JA;.llES 
rATAlIl1ES 
CASUALTIES I_FA~A:'I~i~S C;'Sl.e.L':::S 
FATALli]ES 
CASt;ALTi[S! FATALITIES I CASUAlTIES 
FATAUTIES 
(~UA~TIES 
FATAL:":'IES 
(ASJA~ tiES 
'AlALlTIES (ASJA.TIES 
f"ATAlITILS 
CASUALTIES 
r-- 


AI.A5A~:" 
82':.CI3Z 
1,7g:',a8G 
2,~ 17 .9:2 
3,oe5,395 
795. 89 ~ 
1.319.62: 
l,763,5EC' 
2 ,134 .?9~ 
2.12:J,3 .. e 
'.6~~, 2<;: 
793,597 


l·~t:~~~: l'~~l:~~~ i z.~~~:g~ 
2 .1]4.29~ 
2,640,367 
795,697 
1,319,621 
1,91D.98t 
2 .40~ ,95, 
2,402,997 
2,87B,498 


AR:ZO',A 
J5~.aE; 
41£,)(2 
774,:S: 
I, :i~ ,C::: 
l29,90} 
S45,C21 
60j ,27~ 
69!!,3:" 
79', 74 ~ 
1,:2'1,.'&:, 
326,290 
788,725 
1,129,721 
329,983 
8~6 ,021 
599,457 
737,597 
786,425 
1,133,202 
AR~NS:"S 
266,6':9 
1.112,79; 
:,379,'48 
1,80: ,43~ 
25J,94c 
4B:',820 
1. 13~, 32: 
1,3i6,Z~l 
1.22~, 113 
1,5JE,G;. 
255,633 
485,687: 
1.376,S93, 
1.376,593 
1,228,222 
l,S58,864 
253,9GI; 
485,820 
1,1S0,36S 
1,295,60) 
1.27S,615 
1,521,635 


CA~ltOi1!'1:A 
11.645,6~3 
2,91e,I€·c 
;4,553,621 
16,79~ ,C~ 
:1,99-:',043 
lS,065,OS2 12,8'S.]4: 
14,278,1<;2 
16,lZI.N: I:' ,7£3.2: ~ 
ll.~~:~~i 
l~:~~~:~~i i 12,~~~:~:~ i 14.;~::~~; 16,112,994 
1;,762,357 
ll,9Q6 ,O~3 
15,:l65,C52 
11, 754 ,9~2 13,123,29; 
15,311,8,,7 16,974,529 


COLOR:'):) 
629,735 
12& ,5;~ 
,58,512 
i,19:,,:: 
684,671 
1,(9),937 
351.:'it 
60~, 114 
B~2 ,I:I~: 
1.30e,9> 
897,037 
1.367.633 
684,611 
1,09C,937 
337.93i 
53',231 
933.145 
1.356,137 
::(ot;~£:j:CT 
1,3t.e,G9: 
45t',8;2 
:,79?:ic, 
2,39l,77C 
1 ,42, , 5 ~ 5 
1.962,246 
1,619,484 
l,9E9,25'i 
2,?3S,5:E 
2 .S9~ .64~ 
l,H9,795 
1,960.549: 1.679,4841 
1.989,259 
2,337,411 
2,591,839 
1,422,515 
1,962,246 
1,848 ,87~ 
2,C7!,323 
2.456.162 
2,657,689 


~~Lt. ... ·~~:: 
226.973 
21.866 
24S,~3; 
3': ,::~: 
ni,61: 
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u;: .l::~ 
2~~,:: , 
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3 ~E • ;:>: 
23i,646 
3Ii,5!jQ, 
132.154, 
251:.814 
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379.000 
2 37 .63~ 
3,7,10:;6 
196,79: 
2~9, 7;0 
323.711 
384,523 


\";SI-:.O.[. 
E~',bc': 
442 
6:>l,l:Jt 
6~7 ,9;; 
65f,820 
6 7~. 9~ 7 
79,2i; 
l:l,t3C 
65,,::f 
f'f,9C 
655 ,58~ , 
676,576 . 
79,2731 
1l1,63C 
657.853 
676,557 
656,82: 
f75,95- 
4,93'; 
Ji,E5? 
656,838 
676,951:- 


F~:J~: ::, 
2,922.31 7 
170:;,8,; 
3,:93,73f 
4 ,6S~ ,~E" 
2',927,842 
4,43S,752 
85~, 13E 
1.598,72: 
3,2:JS,72( 
G,?:'::,?3: 
2,922.860' 4,438,524, 
854.136 1 1,598,721 
3,205,009 
4,903,7E7 
2. 9Z~ .8'2 
4 ,43~, 75? 
3.381.242 
6 ,081. 50~ 
5,029,977 
7.410.704 
GEO~~ :~ 
1.2 3~ ,6~ 3 
1.620 .~~: 
i ,49J, ;G~ 
3,68:'.9':t 
~ ,254,84; 
1,861.355 
1.60i,83' 
2,40,ie9 
2,49:,32<;0 
1,3n,G~': 
1,2~1:~~~' 
1.8~~:~~~' 
1,6~ri:~~~ i 2,4:~:in 
2,490,311 
3,340.695 
1,254,8':1 
1.851,385 
1,339.62w 
1,913,467 
2,265,755 
3,10c,7Z1 
I D';~'O 
4E, ~:!£ 
1 • 8:~ 
.:; ,2~': 
82,5:; 
44,086 
82 .9B~ 
20,7Si 
42.!26 
5~, !:e; 
1:E..9:i: 
59,518 
lI8,8U 
44,OSE 
82 ,9S~ 
21,3E9 
42,458 
60,507 
119,250 


ILL ;~S: S 
5, DE, C5~ 
!(O: ,~;' ~ 
5,23".':3? 
6,6S5.9C 
5,426,443 
6,513,H.~ 
960,54: 
2,427,352 
5,594.18£ 
6.9;",1£:- 
5,426,334 
E,518,4E2: 
960.540' 2.427.352 
5.59~ ,541 
6,917,516 
5 ,426 .4~~ 
6, 518,19~ 
736,582 
2,485,112 
5,651,543 
6,966, 59~ 


l~r :A~" 
1 • t 3£.!:' ~ 
3~~ .P~ 
1,98£, i'£ 
2, & 3: ,~.:: 
l.68G,67e 
2 ,255 ,63~ 
5'::,7S! 
1,45;,9:2 
2,211.4:S 
::, :'~;, 9::: 
1,684,425 
2,256.333' 
8':5,796' 
1,459.952 
2,209,581 
3,043,617 
1,68£.6i8 
2 ,25e.,63~ 
1,15C,696 
1.919,626 
2,473,951 
3,337,10. 


IO~A 
542,)3: 
lCS,2J; 
65~.2C 
~b~,~~~ 
~e: ,':)6 
726 ,82~ 
llf.,4 i ~ 
338.4:: 
63:,86[ 
:~: ,:.: 
565,121 
725,956 
118,473, 
338,41C 
633,90C 
8E9,79G 
56i,Gi!': 
;Z6,BE5 
15S.6S' 
38;),802 
6io,ln 
939,1':1 
;;; .. SAS 
39~,b2, 
272,,::: 
671.16, 
!, D:,:~; 
4i2.S61S 
667,9:'5 
34",:1:': 
6C9 ,~::3 
6;i'Y~ 
: .:i.l .:~ 
t.l2.BH; 
667,891' 
358,924 
613,005 
668,4.:e 
1,029,677 
412 ,66~ 
6f7.92E 
537,309 
89i,e3: 
816,710 
1.33': ,~9£ 
f,(';·J':" 
791.21£ 
40, f'~: 
8},,1:8 
1.2':~,:: " 
8i 1. ~56 
l,052,i7, 
!) 3,:?~ 
4?S.::,: 
BEt,"i] 
:, ;~~. 5~ '- 
813.028 
1.0S2,505, 
~~~:6~~: 1.~~~:~~~ 
890.353 
1.3~': .247 
Sl:,55E 
1.:::';~. 775 
':05.118 
79;,473 
1.09C,608 
1.585,102 


l('J;Si~',:' 
1.)(2,49J 
24;, 71~ 
:,57:',2Ci' 
2.2ic.:J':; 
1,319,6E.! 
1.735,eC2 
787,021 
1,29).756 
l,39~ ,1::2 
: . 
~,;':,' ~- 
1.317,942 
1. 735,596 
1,390,243 
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2,601,656 
3,200, 55~ 


~; i ~~ 
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236,88C' 
4Jc,Z:: 
143,CiS 
215 ,5~3 
136,,7£ 
30~ ,S 16 
26:,29: 
,:"t.3;;: 
142.939 
21B,770 
19:,709 
41~ ,63: 
308,291 
56:,831 
1!3,Q).: 
2:~ ,8~; 
251,23~ 
5J7.6!:' 
316,030 
6S7"n 
... .;.~.~:..,= 
2, I:);', i~;: 
IE7,f:': 
., , z ~ I , 3,' 
2 ,53i ,~:: 
2,2U,S3: 
2,n:,:94 
1.3,1.726 
1.875,e37 
2 ,45t .~t ~ 
2, ~c:. 32: 
2,214,34;; 
2,731.77!' 
1,351,726 
1,87;,837 
2,457,031 
2.983.413 
2,213,93: 
2,731.5S! 
911. 9l~ 
1,44:,2:;6 
2,4,,6,816 
2,98e,8U 


"';'3S:'C"'_'s~rs 
2,C3,OS· 
497,5,: 
3,:lJ,il" 
'.;'£.':{: 
2,i?3.73C 
3,6Z£"E(,!,2,OI£,8::: 
3.2)7,;1: 
3, :(~ ,8~: 
4 ,~.::,,:.: ' 
2,77Z,640 ·3,633,322 
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3,237,913 
3,744,03S 
~ ,59' ,8~£ 
2.773,; 3~ 
) ,6ZE ,S6~ 
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"'l':'1:S:" 
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3,7{),/'1:O 
5. O~: ,6':; 
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~ .p.~: ,919 
: ,0:, 7;~ 
2,525,a;t 
4 ,15 ~ • E; ~ 
5.~ 1; ,6~_ 
3,739.713' 4,829,62\1 
1,438.794 
2,525,896 
4.151.691 
5,416.856 
3.7~G,C~ 
.; ,841, ':/l~ 
97:, ~3: 
2,OOZ,59J 
4,126,36': 
5. 338.02~ 
~I .,.,~sc ~;. 
1,096,26; 
5C ,~:: 
1. :4~ .9!: 
1. 5~" , 9~: 
1,195.6£i 
1,15~, 4~: 
4U.8gE 
73£ ,2: ~ 
! ,2~:' "e 
l,6S: .G~: 
1,19;,1l7 
1,518,872, 
426.898 
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1.660,77:/ 
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Table 13. 
% differences in assessment cases. 


Prompt Only 
Fallout Only 
Compa ri son 
Fatalities Casualties 
Fatalities Casualties 


CIVIC-1/CIVIC-2(1) 
+.08% 
+.01% 
+.09% 
+.02% 
(CIVIC-2 Reference) 


CIVIC-1/CIVIC-3 (2) 
0% 
0% 
+10.8% 
+10.7% 
(CIVIC-1 Reference) 


CIVIC-3/TENOS(3) 
-3.9% 
- 
- 
- 
(CIVIC-3 Reference) 


CIVIC-l/TENOS 
-3.9% 
- 
- 
- 
(CIVI C-1 Reference) 
------ 
---- 
-- -- 


(1) 
Influence of CEP and point or area population representation 


(2) 
Influence of fallout models only 


(3) 
Influence of methodology for combining prompt and fallout effects 


Combined 


Fatalities Casualties 


",0% 
-.07% 


+8.9% 
+6.7% 


-14% 
-9.2% 


-6.3% 
-3.1% 


.: .. ~.~ ... 


AFRRI 


CCTC 


CIVIC 


FEMA 


FPA 


GWC 


MCOP 


MLOP 


SECTION 7 


GLOSSARY 


- 
Armed Forces Radiological Research Institute. 


- 
Command and Control Technical Center. 


- 
A computer code that estimates civilian fatalities and 
casualties due to the employment of nuclear weapons. 
Both prompt and fallout effects can be taken into account 
in the estimates. 
Development sponsored by the Defense 
Nuclear Agency (DNA). 


- Federal Emergency Management Agency. 


- Federal Protection Agency. 


- Global Weather Center. 


- 
Mean Casualty blast Overpressure Vulnerability expressed 
in pounds per square inch. 


- 
Mean Lethal blast Overpressure Vulnerability expressed 
in pounds per square inch. 


PF 
- Protection Factor. 
A factor which accounts for the 


TENOS 


fallout radiation protection afforded by various structure 
types. 
When the free-field fallout radiation dose is 
divided by this factor, the resulting dose is the dose to 
which people within the structure may be subjected. 


- 
A computer code developed by the Federal Emergency 


Management Agency (FEMA) to estimate fatalities and 
casualties due to the employment of nuclear weapons. 
Both prompt and fallout effects can be taken into account 
in the estimates. 


WSEG-10 - 
A fallout model developed by the Institute for Defense 
Analysis for the Weapon Systems Evaluation Group. 


35 


BLANK PAGE 


36 


APPENDIX A 


CIVIC INPUT OPTIONS 


For the calculation of prompt effects damage probabilities, 
three distributions are normally employed; the damage function distri- 
bution (normally a log-normal distribution), the weapon impact point 
distribution (circular normal), and the population distribution within 


a circle of specified radius (circular normal). 
The last two distri- 
butions are combined into one for the purposes of the damage calcula- 
tion and are represented by an "Adjusted Circular Error Probable" 


(CEPA). 
Mathematically, CEPA is represented by 


= 
2 
i 
2 
2 :1/2 
~EP + i: 20 (Target Radius * 6076.1155) ] 


1/2 


~EP2 + 8,542,294 * TR2] 
= 


The "in 2/in 20" term converts the 95th percentile of the 
target distribution to the 50th percentile used for CEP. 
The factor 


"6076.1155" converts nautical miles (units normally used for target 
radius) to feet. 


In CIVIC, input run-stream option flags are available to 
permit the calculation of CEPA with either CEP = 0, target radius = 0, 
or both. 


The reason for these options is to be able to vary the damage 
calculations without having to modify either the weapon strike file 
which contains the CEP as a unique entity, or the population data base 
which contains the target radius as a unique entity. 


For the purposes of fallout calculations, CIVIC contains two 
fallout models; SEER and WSEG-10. 
Either of these options can be 
selected at the discretion of the user simply by setting the appro- 
priate flag in the input run-stream. 
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